Si 



i> — i 



C\| 

c\j\l 

C\J M 



Q 
O 



o <o 



to 



<5. 



CM 



1 

CO 



r 



04 



LU 
Q 



c to 



I 



CD 

-o 

O 
O 

c 

LU 



C 

o 

c5 CO 



Q 
O 



I 







o 




mu 


IQQ 


>* 


CO 


CO 


2 



CO 

O 



c 
o 



c 
o 
O 



t= o 

CO 

c 
o 
O 



o 



CO 

CD 



--HP 



O) o 

^ c 
o o 
O O 




m 



5 




!53N 







o 


c 


mb 


iHH 
IGG 




Ma 


CO 


t 








CD 




> 


C 


CO 


c 


_o 


CO 






a> 


O 









CO 



r 




CO 

CD 
EC 



CO 



CX3 



CO 



TO 

C\J _ 



CM 









CD 


• 


n 


Q. 


CD 




conv 


t 



CO 



TO 













'ato 




.>< 






CD 


O 




Ger 



w 



SI 



CO 

E 

_ CO 

o o 

£ CO 

co £ 
o 

CD 
> 



E 



C\JV 











1 




Q. 




Z> 


c 




o 




o 


t 



CM 
CO 





1— 




o 


O X 






CD 


O D- 


cz 

CD 




CD 



co Ll_ 



CO 

O el) 

"2 ° 

O _Q 

S E 

CO 



to 

CO M 



co 



I 



CD 
C 

1q 

E 
o 
O 



c\J . 



co 



CON 
CO M 



CD 

cz 

E 
o 
O 









o 


.55 


CO 




CO 


00 


<D 




o 


CO 


2 




0- 



co 



CO 



o ^ 
O ^ 

" o CO 

cc 
O 



co*\ 
co M 



-a 8 

CO CD 
CL CJ 

co 2 

Q_ 



CO 



CO 

















o 




CD 


rocess 


o 


CZ 


cz 


cz 


ue 


hai 


cr 


o 


n 


CD 


-Q 


atal 




Su 











CO 



jo ^ 

zj zi. 

■o _ 

-O o 



o 
O 

o 
O 



^3 CO 



Uj 
CO 



cz 
o 
O 



* ' £ CO 

c O 
CO 



-2 - -I 



O 



CO 

















o 


>* 


CD 


rocess 


o 


cz 


c 


cz 


ue 


hai 


cr 


o 


Q_ 


2 










LL 


CO 


"(0 








Q 



cz 

o _ 
fo 3* 
E co 




.9. 



o m E 

O CO <3> 




*I3 



oo - 



I 









c 


O 


CD 


E 


E 


CD 


a> 


Q 


LU 



<*3 

CM 




CD 
EC 



412 



Match 
Filter 



H H 

r 418 



Channel 
Estimator 



1 



410b 



414 



Multiplier 



R 1 

r 420 



Matrix 
Processor 



416 



Combiner 



448 



CSI 
Processor 



480 



RX Data 
Processor 



260b 



Decoded 
-► Data 
Stream 



-► CSI 



FIG. 4B 



410c 



422 



Multiplier 



424 



Multiplier 



J 



-1 



428 






Adaptive 






Processor 





426 



Combiner 



448 



CSI 
Processor 



480 



RX Data 
Processor 



260c 



Decoded 
-► Data 
Stream 



CSI 



FIG. 4C 



41 Od 



260d 



432 



Forward 
Receive 
Processor 



434 



448 



CSI 
Processor 



436 



440 



Feedback 
Processor 



-► CSI 



480 



Combiner 


X 


RX Data 




Processor 


438 






Channel 

Data 
Processor 









Decoded 

Data 
Stream 



FIG. 4D 



460x 



41 Ox 



480 





Spatial/ 
Space-Time 
Processor 




RX Data 
Processor 




— ► 


— ► 


► 



Decoded 

Data 
Stream (k) 



FIG. 4F 



470x 



474 



4 


472 




210x 
r' 






Channel 




TX Data 




x— 


Simulator 


<- 


Processor 


< 



Decoded 

Data 
Stream (k) 



• k+1 



FIG. 4G 



w 

OS 



P 

h 1 



252a 



DEMOD 



252r I 



3 



DEMOD 



260e 



r 450a 

r 460a 

Channel MIMO/ 
Data Processor 



-470a 



Interference 
Canceller 



-460b 



Channel MIMO/ 
Data Processor 



r 470b 



Interference 
Canceller 



I A. i 



-450b 



I . i 



r r 450n 
j. — 

r 460n 



Channel MIMO/ 
Data Processor 



I i 



-►CSI (1) 

-►Decoded Data Stream (1) 



270 



Controller 



-►CSI (2) 

-►Decoded Data Stream (2) 



-►CSI (No) 

-►Decoded Data Stream (N c ) 



FIG. 4E 



Perform spatial or space-time 
processing on N R input signals 
(received or modified signals) 



Determine SNRs for 
the transmitted signals 
included in the input signals 



-514 



Recover (demodulate and 
decode) a selected transmitted 
signal (e.g., one with best SNR) 



516 



AW^^C.518 

transmitted signals 
recovered? 

NO 



YES 



Form estimate of interference 
presented by the recovered r 520 
transmitted signal on each 
of the input signals 



Cancel interference due to 
the recovered transmitted 
signal from each of the input 
signals to derive the input 
signals for the next iteration 

i 



c 



FIG. 5 



522 




(* > uns) qojd 




(* > HNS) QOJd 



%4 

l - s 

ted: 

SI 

3 



s 



730 
s 



Database 



-724 



Update interference 
data in database 



c 



Start 



3 



Develop interference 
characterization for the system 



-710 



Define a reuse plan 
and reuse factor N 



reuse 



I 



r 



712 



Define other system 
parameters and conditions 
(e.g., setpoints, backoff factors) 



r 



714 



Evaluate effective margins and 
system/terminal performance 



■716 



YES 




NO 



700 



FIG. 7 



Update parameters used 
for scheduling terminals 
and assigning channels 



r 810 



Prioritize and rank terminals 



r 812 



Determine channel assignments 



r 814 



Update system parameters 
(e.g., back-off factors) 



r 816 



Transmit data to and/or receive 
data from scheduled terminals 
via assigned channels 



r 818 



NO 



Another 
transmission 
interval? 



-820 



YES 



FIG. 8 A 



832 



I 

Compute channel metrics 
for active terminals and r 
for available channels 

i ~ 

Prioritize and rank \f834 
active terminals 



Select highest priority terminal 
from list of active terminals 


r 836 






Assign selected terminal 
to an available channel 


r 838 






Assign data rate to 
selected terminal 


r 840 






Removed assigned terminal 
from list of active terminals 


r 842 




FIG. 8B 



Select highest priority terminal 
from list of active terminals 



r 854 



Select "best" channel from 
list of unassigned channels 




r 856 



NO 



Upgrade selected terminal 
to best available channel 



-860 



Remove assigned channel 
from list of available channels 



r 862 



Place freed channel on 
list of available channels 



r 864 



Remove selected 
terminal from terminal list 



r 866 




Adjust back-off factors to 
reduce transmit power levels 



r 870 



( End ) 



FIG. 8C 



Initialize metrics 



r 



912 



Select a (new) set of 
terminals to form a hypothesis 



-914 



Retrieve channel estimates for each 
receive antenna in the hypothesis 










i 


< 

r 




Select (new) antenna assignments 
(sub-hypothesis) for the selected terminals 


r 918 






Evaluate the sub-hypothesis and 
determine its performance metric 


r 920 






Update best performance metric to 
reflect the current sub-hypothesis 


r 922 


^ —^^924 

— All sub-hypotheses^*^^^,. 


NO 



evaluated? 
YES 

All hypotheses 
considered? 

YES 



-926 



NO 



Save results for best sub-hypothesis 
and communicate schedule and data 
rates to terminals in the sub-hypothesis 



r 



c 



Update system and terminal metrics 

i — 



r 



928 



930 



End 



FIG. 9 A 



Determine the best SNR 
in the matrix r and identify r 942 
the transmit antenna/terminal 
pair with the best SNR 



Assign the transmit 
antenna in the pair to 
the terminal in the pair 



f 



944 



Remove the assigned 
transmit antenna and 
terminal from the matrix r 




t 

( End ) 

FIG. 9B 



Select N T highest [r 962 
priority terminals 



Retrieve channel estimates 
for the selected terminals 



f 



964 



Assign N T transmit antennas 
to the selected terminals based r 
on the channel estimates 



Determine data rates and coding 
and modulation schemes for the 
selected terminals based on 
the antenna assignments 



-968 



Update system and 
terminal metrics 



-970 



( End ) 



FIG. 9C 




c 



Start 



Initialize metrics 



Select a (new) set of 
terminals to form a hypothesis 



Retrieve channel estimates for 
each selected terminal in the set 



3 



1012 



r 



f 



1014 



1016 



Select a particular (new) order to process 
the selected terminals (sub-hypothesis) 



f 



Evaluate the sub-hypothesis and provide 
a set of SNRs for the sub-hypothesis 



f 



1018 



1020 



Update performance 
metric based on SNRs 




■1022 



NO 



NO 



Save results for best sub-hypothesis 
and communicate schedule and data 
rates to terminals in the sub-hypothesis 



■1028 



Update system and terminal metrics 



f 



1030 



C 



End 



FIG. 10A 



I 

Select N T highest \f1042 
priority terminals 

i 

Retrieve channel estimates r 1044 
for selected terminals 



Evaluate each sub-hypothesis 

of the hypothesis formed r 
by the N T selected terminals 



Determine data rates based on r 1048 
SNRs for best sub-hypothesis 



Update system and \f1050 
terminal metrics 



( End ) 

FIG. 10B 



Downlink Throughput for Single-User and Multi-User MIMO Modes 



12 I 1 1 1 1 1 1 1 r 1 1 1 1 1 1 1 r 




0 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' l 



0 5 10 15 20 

SNR(dB) 

FIG. 11 A 




FIG. 11 B 



Cell Throughput for (N R = 4) and (N T = 1 , 2, 4) 




10 12 14 16 18 20 22 24 26 

SNR Setpoint (dB) 

FIG. 11C 



